To characterize and compare the rates of adverse drug reactions (ADRs) and interactions on admission in two, one-year periods: pre-highly active antiretroviral therapy (HAART) (phase 1) and post-HAART (phase 2). DESIGN: Retrospective chart review. SETTING: University-affiliated tertiary care centre. POPULATION STUDIED: HIV-positive patients admitted to hospital.
T he nucleoside reverse transcriptase inhibitor (NRTI) zidovudine was the first antiretroviral to be released in the late 1980s. Since that time, four other NRTIs have been marketed, and two new classes of antiretrovirals have been added to the armamentarium of therapies -the protease inhibitors (PIs) and the non-nucleoside reverse transcriptase inhibitors (NNRTIs). Over a dozen antiretrovirals are widely used in various combinations to treat human immunodeficiency virus (HIV) infection. Similarly, treatment options for opportunistic infections have also expanded in the past decade. For instance, clinicians now have the choice of at least five antifungals and therapies for Pneumocystis carinii pneumonia, three agents for cytomegalovirus disease and several new agents for Mycobacterium avium complex infection.
Although short term studies have demonstrated that the new antiretroviral combinations have been highly effective in decreasing viral load, in prolonging progression to the development of acquired immunodeficiency syndrome (AIDS) and in prolonging life in relatively advanced stage patients, these therapies are still fraught with toxicities (1) (2) (3) . For example, zidovudine has been associated with severe anemia and neutropenia (4), didanosine (Videx, Bristol Laboratories of Canada, Montreal, Quebec) can cause life-threatening pancreatitis (5) , and indinavir (Crixivan, Merck Sharp & Dohme Canada, Kirkland, Quebec) has been associated with nephrolithiasis (6) .
To compound the issue further, the potential for drug interactions has escalated with the advent of highly active antiretroviral therapy (HAART). Because NNRTIs and PIs are substrates of the hepatic cytochrome p450 (CYP450) enzyme system, drugs that are inhibitors or inducers of these enzymes have the potential to affect the antiviral concentrations. Furthermore, PIs are all inhibitors of various CYP450 isoenzymes, and the NNRTIs delavirdine and nevirapine/efavirenz are CYP450 inhibitors and inducers, respectively. There are well over 200 known and speculated drug interactions with these two classes of drugs combined (7, 8) .
As the complexity and treatment options for HIV disease and related opportunistic infections increase, HIV-positive patients are at risk of experiencing significant drug-related morbidity and possibly even mortality. In the current era of fiscal restraint, when reductions in both the number of hospital admissions and the duration of hospitalization are desirable, adverse drug reactions (ADRs) to medications may contribute significantly to increasing hospitalization, morbidity and mortality. Therefore, it is necessary to investigate the impact of HIV therapies on hospitalization rates and patient outcomes.
The study objectives were several-fold. Admissions with ADRs and/or drug interactions in HIV patients were characterized. Patient demographics, the classes of medications contributing to ADRs and interactions, the nature of ADRs or interactions, causality, intensity, contribution to overall admission, outcomes, and length of admission were compared pre-and post-HAART. The overall contribution of antiretroviral ADRs and interactions to hospitalization pre-and post-HAART was characterized. Lastly, general medication use patterns preand post-HAART were analyzed.
PATIENTS AND METHODS
Design and setting: A retrospective chart review was conducted at St Michael's Hospital, Wellesley-Central Site, Toronto, Ontario, which is a university-affiliated tertiary care centre. Data were collected by a pharmacist and several infectious disease physicians with expertise in HIV. These practitioners were also involved in the care of the admitted patients during the periods under study. Two time periods were compared: phase 1 -pre-HAART (April 1, 1995 to March 31, 1996) and phase 2 -post-HAART (August 1, 1996 to August 31, 1997). The time period for phase 2 was selected given that ritonavir (Norvir, Abbott Laboratories Limited, Saint-Laurent, Quebec), saquinavir (Invirase, Hoffman-La Roche Limited, Mississauga, Ontario) and indinavir were all marketed in Canada by August 1996. Patients were identified through the hospital database in medical records. Approval from the institution's Research Ethics Board was obtained. Population studied: Data were collected from the charts of all patients with a diagnosis of HIV infection at the time of admission. The patients were screened for ADRs and significant drug interactions present at the time of admission.
Definitions:
Hospitalization was defined as admission to the hospital for at least 24 h. ADRs were defined as any undesirable clinical response that may be due to any drug(s) administered to the patient (9) . The following descriptions for ADRs were used:
· Causality: Causality of ADRs was based on a previously published scale by Bergman and Wiholm (10) and adaptation by Grymonpre et al (11) . The probability was defined as definite, probable, possible, conditional, doubtful or unknown. These terms are similar to those used in the Health Canada ADR reporting system (12).
· Intensity: The reaction intensity was classified as grade 1 (mild), grade 2 (moderate), grade 3 (severe), grade 4 (very severe) or unknown (13) . A drug interaction was defined as an actual or potential ADR caused by the concurrent administration of two or more drugs. Drug interactions were identified by the use of several databases, based on Drug Interaction Facts (14) , Drug Interaction Analyses and Management (15) , and several review articles summarizing drug interactions in HIV treatment (7, 8) . Data analysis -Statistical analysis: Data entry and analysis were performed using the computer software program Statistical Analysis System (SAS Institute Inc, Cary, North Carolina). The c 2 test was used to compare the distribution of medication classes taken during the two phases, the drug classes involved in the ADRs, the organ systems affected, causality, severity of reaction, the contribution to admission and the outcome at discharge. The Student's t-test was employed to compare the length of hospitalization between the two groups.
RESULTS

Demographics and hospitalization duration:
In total, there were 476 patients studied, which accounted for 759 admissions (265 patients with admissions in phase 1, 187 with admissions in phase 2 and 24 with admissions in both phases).
In the pre-HAART period (phase 1), 436 of 517 admissions were reviewed. In the post-HAART period (phase 2), 323 of 350 admissions were reviewed. If charts were repeatedly unavailable from medical records, pertinent admissions were excluded from the study. Demographic data on admission are summarized in Table 1 . There were no differences regarding sex, mean age and the number of medications on admission. Patients had significantly higher CD4 counts, fewer concomitant diseases and decreased duration of hospitalization post-HAART than pre-HAART. Drug use patterns: Figures 1 and 2 show the top 10 medication classes prescribed in each phase. There was a significant change in the distribution of medications used in the two phases (P=0.001). Of all medications prescribed, NRTIs and PIs accounted for 6.19% and 0.54% in phase 1, and 17.55% and 7.97% in phase 2, respectively. Overall, there were significantly more patients on antiretrovirals (57.0%) in phase 2 than in phase 1 (26.4%) (P=0.001). Admissions with ADRs: There were 89 admissions (a total of 97 ADRs) and 69 admissions (a total of 78 ADRs) with ADRs in phases 1 and 2, respectively. This accounted for 20.4% (89 of 436) of admissions in phase 1 and 21.4% (69 of 323) of admissions in phase 2 (P=0.750). More than one ADR was identified in a small portion of admissions in both phases (eight versus seven with two admissions and zero versus one with three admissions due to ADRs in phases 1 and 2, respectively). Table 2 compares patient characteristics on admission. In phase 2, 
Figure 1) Drug classes taken before highly active antiretroviral therapy (phase 1). The percentage breakdown of medication classes is equal to the total number of drugs taken per class divided by the total number of drugs taken in all classes. GI Gastrointestinal; NRTI Nucleoside reverse transcriptase inhibitor
CD4 counts were significantly higher and the number of concurrent illnesses was significantly lower than in phase 1. The length of hospitalization did not differ between the two periods; however, there was a trend toward decreased duration of hospitalization in the post-HAART period. Likewise, there was no difference in the duration of admission between the two periods comparing the total number of admissions with ADRs (n=158) and those without ADRs (n=601) (9.94 versus 11.53 days, P=0.0964). Figures 3 and 4 compare the breakdown of the top 10 drug classes associated with ADRrelated admissions in both phases. There was a significant shift in the drug classes associated with ADRs (P=0.012), with the NRTIs, PIs and NNRTIs associated with more ADRs post-HAART, and the antiparasitic drugs (including pentamidine), psychotherapeutics and antineoplastics associated with more ADRs pre-HAART. Other drug classes involved in both phases were the sulphonamides, narcotic analgesics, other antivirals (ie, ganciclovir and foscarnet), antimycobacterials and antifungals. ADR causality, severity, contribution to admission and outcomes: In summary, when combining both phases, over 80% of reactions were classified as possible or probable, over 60% were grade 3 or grade 4 in intensity, over 85% were either the main or contributing reason for the admission, and over 65%
Drug classes associated with ADRs:
had at least partially recovered at the time of discharge. A more detailed account for each parameter is provided below. Figure 5 ). Because more than one system may have been involved in an ADR, the frequency of organ system involvement exceeds the number of ADRs reported. In phases 1 and 2, respectively, the most common toxicities seen involved the hematological system (32.7% versus 26.8%), the gastrointestinal tract (18.7% versus 24.1%), the central nervous system (9.4% versus 13.4%), dermatology (7.5 % versus 6.3%), the hepatic system (7.5% versus 3.6%), and the renal system (6.5% versus 4.5%).
Fatalities:
In patients with ADRs on admission, there were 17 fatalities reported (14 in phase 1, and three in phase 2). In phases 1 and 2, respectively, 8.9% (8 of 89) and 2.9% (2 of 69) of ADRs were fatal. In phase 1, six fatalities were not related to the ADR, four had a questionable relationship to the ADR and the remaining four were thought to be ADR-related. The drugs directly involved in these fatalities were foscarnet (severe renal failure); isoniazid, rifampin and pyrazinamide (hepatitis); trimipramine overdose (respiratory and metabolic alkalosis with rhabdomyalysis); and an experimental agent known as lithium gamma linolenic acid used in conjunction with co- trimxazole (hypersensitivity reaction causing interstitial nephritis and respiratory failure). Medications that may have contributed to the other mortalities were zidovudine and ganciclovir (neutropenia and death due to sepsis); amphotericin B (renal failure, acidosis and death due to pneumonia); pentamidine (renal failure, severe hypoglycemia, hyperkalemia and death due to aspiration pneumonia); bleomycin (pancytopenia, pulmonary toxicity and death due to query cytomegalovirus pneumonitis). In phase 2, one death was not drugrelated. Dapsone-related hemolytic anemia contributed to one death (death due to splenectomy and pneumonia). Ritonavirinduced pancreatitis and hepatotoxicity (with dapsone/pyrimethamine-induced hemolytic anemia) were the probable causes of one death. Antiretrovirals associated with ADRs: ) . In phase 1, the NRTIs were responsible for all antiretroviral-related admissions. In phases 1 and 2, respectively, zidovudine was associated with the most ADRs (15 versus 18), which were mainly anemia and neutropenia. Other NRTIs associated with ADRs were lamivudine (four versus six), didanosine (one versus two) and zalcitabine (four versus zero). In the majority of cases in both phases, antiretroviral ADRs were considered to be severe to very severe, were either the main or contributing reason for admission, and were possibly to probably linked to the antiretroviral agent. At the time of discharge, most patients had at least partially recovered from the ADR. Post-HAART, 76% (19 of 25) of antiretroviral ADR-related admissions involved the NRTIs (27.5% [19 of 69] of all ADRrelated admissions in phase 2). The PIs were associated with 24% (6 of 25) of antiretroviral ADR-related admissions (8.7% [six of 69] of all ADR-related admissions). Indinavir was responsible for 66.6% of all PI-related admissions, with the most common ADR being nephrolithiasis. Ritonavir was associated with fatal pancreatitis and liver failure in one patient, while saquinavir was suspected in a hypersensitivity reaction in another patient. The NNRTIs delavirdine and nevirapine each caused one admission due to severe hypersensitivity reactions, accounting for 8% (two of 25) of antiretroviral admissions and 2.9% (two of 69) of all ADR-related admissions in phase 2. Drug interactions: There were 12 drug-drug interactions noted on 11 admissions in phase 1 and seven interactions noted on seven admissions in phase 2. These are summarized in Table 4 . Almost 75% of interactions were considered as potential interactions with serious consequences, but they did not result in detectable negative outcomes at the time of evaluation. However, 25% (four of 12) and 28.6% (two of seven) of interactions in phases 1 and 2, respectively, were clinically evident on admission but did not affect the overall outcome at discharge. The most common interactions in phase 1 were combining an azole antifungal with cisapride or a gastric acid suppressant. The use of concomitant zidovudine and ganciclovir was associated with mild to very severe cytopenias in three patients (one fatality due to sepsis). Of note, in phase 1, several patients were already taking saquinavir, a PI that was under study at the time. Two patients were treated concurrently with rifabutin, an agent known to decrease saquinavir levels by 40% (16) . Viral load results were not available at that time to assess for virological failure. In phase 2, the PIs accounted for 85.7% of interactions. The most common interaction involved rifabutin and either indinavir or saquinavir. There were no cases of uveitis reported with the combined use of indinavir and full dose rifabutin. Indinavir was prescribed in full doses with ketoconazole; however, indinavir toxicity was not observed. The interaction of ritonavir with diazepam resulted in a significant interaction of grade 3 central nervous system toxicity from diazepam.
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Figure 3) Drug classes associated with adverse drug reactions (ADRs) before highly active antiretroviral therapy (phase 1). The percentage breakdown of medication classes is equal to the total number of drugs per class causing ADRs divided by the total number of drugs in all classes causing ADRs. HIV Human immunodeficiency virus; NRTI Nucleoside reverse transcriptase inhibitor
Figure 4) Drug classes associated with adverse drug reactions (ADRs) post-highly active antiretroviral therapy (Phase 2). The percentage breakdown of medication classes is equal to the total number of drugs per class causing ADRs divided by the total number of drugs in all classes causing ADRs. HIV Human immunodeficiency virus; NNRTI Non-nucleoside reverse transcriptase inhibitor; NRTI Nucleoside reverse transcriptase inhibitor; PI Protease inhibitor
DISCUSSION
During the first year after the availability of HAART, HIV hospitalizations have decreased by 30% at St Michael's Hospital, Wellesley Central Site. These findings are similar to trends observed in other HIV centres (17, 18) . This decrease is likely multifactorial and may be attributed to more effective antiretroviral combinations, more aggressive outpatient management via homecare and the outpatient medical day unit, and an increased number of placement housing options for patients. Despite the decrease in hospitalizations at St Michael's Hospital, Wellesley Central Site, during this period, the mean number of medications taken, and the rates and duration of hospitalizations due to ADRs remained the same in the year preceding the introduction of HAART and the year after the introduction of HAART.
In a meta-analysis that examined ADR rates 49 hospitals from 1966 to 1989, the prevalence of ADR-related hospital admissions ranged from 0.2% to 21.7 % (19). On average, 5% of hospital admissions were due to drug-related reasons, 4% of which were fatal. In contrast, the relatively high rate of hospitalization due to ADRs (20.9 % overall) found at St Michael's Hospital, Wellesley Central Site, is not unusual, given the recognized predisposition of HIV-infected persons to drug toxicities and hypersensitivity reactions in general (20) . The higher ADR-related fatality rate (8.4% versus 2.6%) common during pre-HAART period may be a function of the relatively advanced disease in this patient population, the use of more toxic drugs and the lack of HAART.
With the increased use of antiretrovirals post-HAART, a proportional increase in ADRs due to HAART agents was observed in our study. However, it is likely that this trend is even more pronounced today, given the widespread use of HAART, the use of 'mega-HAART' regimens such as salvage therapy (21, 22) , double PI combinations (21) (22) (23) and the availability of even more antiretrovirals since the time of our study (eg, nelfinavir, saquinavir soft gel capsules, the NNRTIs [eg, efavirenz], abacavir and hydroxyurea). In addition, our data does not capture hospitalizations secondary to the long term toxicities of these agents, such as the PI lipodystrophy syndrome (24, 25) . To our knowledge, we and others have subsequently seen admissions from nelfinavir (diarrhea and dehydration, hyperglycemic ketoacidosis, and rash requiring desensitization) (26) (27) (28) ; PIs in general (myocardial infarction linked to hyperlipidemias and hepatitis) (29) (30) (31) (32) (33) ; indinavir (interstitial nephritis and portal vein thrombosis) (34) (35) (36) ; abacavir (hypersensitivity reaction with intensive care admission) (37) ; efavirenz (depression with suicidal ideation) (38) ; and NNRTIs (rashes) (38) .
Likewise, a higher incidence of hospitalizations secondary to drug interactions than that observed in our study is anticipated today, given the widespread use of HAART. For instance, we have seen acute ergotism due to the contraindicated combination of ergotamine and ritonavir, which has also been reported elsewhere (39) . The inadvertent use of midazolam and the PIs in the intensive care unit has led to excess sedation in at least one patient. The combination of full dose rifabutin and the PIs has resulted in uveitis in another patient. Given the increased number of interaction studies that have been performed since the time of our study, and the heightened awareness of patients, pharmacists and other health care workers of serious interactions, these interactions and strategies for their management are expected to be identified and implemented more readily in the future.
In addition to ADR-induced morbidity and mortality, the impact that ADRs have on HAART adherence and subsequent drug resistance is significant. Several studies addressing risk factors for nonadherence have found that side effects and drug toxicities account for 11% to 35% of nonadherence to therapy (40) (41) (42) (43) . Piroth and colleagues (43) observed that 83 of 309 patients (26.9%) in their cohort changed PI therapy due to adverse effects, with 65% of these changes occurring within the first two months of therapy. Treatment was discontinued in 26.7% of those on indinavir, 29.1% of those on ritonavir and 3.7% of patients on saquinavir. The main ADRs were gastrointestinal, urinary lithiasis (with indinavir), neurological effects and hepatitis (seen mainly with ritonavir and hepatitis C seropositivity) (43) . Given the high prevalence of the lipodystrophy syndrome and the potential for nonadherence, preliminary reports of switching PI therapy for other agents with a different side effect profile (eg, the NNRTI class) are now emerging (44, 45) .
Perhaps with closer monitoring in the community setting, these toxicities might be prevented and antiretroviral adherence may be improved. For instance, in the general population, Dartnell et al (46) found that 60% of ADR-related hospitalizations in a tertiary teaching hospital were possibly avoidable. They concluded that efforts to reduce ADRs must focus on counselling, education and monitoring of drug therapy (46) .
CONCLUSIONS
In the one-year period immediately after the availability of the PIs, HAART had a significant impact on the incidence and nature of ADRs and interactions seen at St Michael's Hospital, Wellesley Central Site. Although the rates of hospitalization were similar pre-and post-HAART, a greater difference would now likely surface given the evidence of long term HAART toxicities and the widespread use of newer agents. Despite significant drug-induced morbidities in HIV patients, the survival benefits of HAART still outweigh the risks in most instances. Whether drug-induced mortality will further increase still remains to be determined. The overall impact of ADRs and interactions on antiretroviral adherence is significant and may further increase with long term use of HAART. It is our hope that through identification of ADRs and interactions, clinicians in ambulatory and inpatient settings will be alerted to the types of serious adverse effects and interactions that are seen in HIV patients, and may be better able to prevent, monitor and manage these reactions.
Infectious disease clinicians do not need another text describing clinical aspects of infectious diseases, so the value of this book must rest on the additional information and insights provided on the animal perspective. From this view, the text is a useful and readable addition to the infectious diseases bibliography. Most chapters provide excellent indepth discussions of animal disease and control measures. We read about influenza in horses, salmonellosis in young calves, and giardiasis in dogs and cats. But there are a few disappointments. The chapter on brucellosis, for instance, provides complete discussion of infection in domestic animals, but there is no acknowledgement of the infection in nondomesticated animals such as caribou in northern Canada. The book is particularly useful for descriptions of less common parasitic diseases, which often receive relatively short commentary in infectious disease texts. Thus, blastocystis and diplyllobothrium receive extensive discussion, and Enchinococcus multlocularis has virtually a chapter of its own. Despite the claim that only major zoonoses will be discussed, there is a chapter for "foot and mouth disease, vesicular stomatitis, Newcastle disease, and swine vesicular disease". Infections of major importance in animals, but that very rarely cause disease in humans, it is argued that their significance in animals warrants inclusion.
For most chapters, the history and background sections, which describes animals as well as humans, are also complete and will be of interest to physicians who may not be aware of some of the animal history of these diseases. The discussion of approaches to controlling infectious agents, such as campylobacter and salmonella, in human food sources are particularly enlightening. The text is up to date, with full discussions of hantavirus, Marburg and Ebola viruses, cat scratch disease and prions.
This book, then, is timely and useful. For clinical infectious disease physicians, it is an excellent resource of the veterinary aspects of human disease. It is of general interest, or as a reference when searching for specific information relevant to clinical cases. One proviso, however, is that at the cost of $406, it may not be necessary for everyone's library, but certainly should be accessible as a reference text.
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